functional differences that exists among streams and they can be used to predict effects of anthropogenic influences such as forestry, agriculture, urbanization, and climate change on streams and how riparian management and conservation tools can be employed to mitigate undesirable effects.
Introduction
Organic matter of terrestrial origin is a critical basal resource in many aquatic ecosystems. Forested stream food webs derive most of their energy from allochthonous organic matter [1, 2] and the production of invertebrates in low-order streams can be limited by the amount of terrestrially-derived organic matter available [2] [3] [4] . Much of our knowledge of stream food webs and ecosystem function is based upon studies that have used temperate, forested streams as model systems. However, many streams run through naturally unforested, agricultural, residential, or alpine/subalpine landscapes, and thus are not strongly influenced by closed riparian canopies. While the number of studies examining the ecosystem functions of these small open-canopy streams is increasing [e.g. [5] [6] [7] [8] [9] , the food web dynamics of these systems remain poorly described. Recent studies have indicated that coarse terrestrial organic matter (e.g. grasses, herbs, and shrub leaves) may be an important basal resource in opencanopy streams as well as in forested streams [6, 10] .
Once coarse particulate organic matter (CPOM, > 1 mm) enters a stream from an adjacent terrestrial Abstract: The food webs of forest streams are primarily based upon inputs of organic matter from adjacent terrestrial ecosystems. However, streams that run through open landscapes generally lack closed riparian canopies, and an increasing number of studies indicate that terrestrial organic matter may be an important resource in these systems as well. Combining key abiotically-controlled factors (stream discharge, water temperature, and litter input rate) with relevant biotic processes (e.g. macroinvertebrate CPOM consumption, microbial processing), we constructed a model to predict and contrast organic matter dynamics (including temporal variation in CPOM standing crop, CPOM processing rate, FPOM production, and detritivore biomass) in small riparian-forested and open-canopy streams. Our modeled results showed that the standing crop of CPOM was similar between riparian-forested and open-canopy streams, despite considerable differences in litter input rate. This unexpected result was partly due to linkages between CPOM supply and consumer abundance that produced higher detritivore biomass in the forest stream than the open-canopy stream. CPOM standing crop in the forest stream was mainly regulated by top-down consumer control, depressing it to a level similar to that of the opencanopy stream. In contrast, CPOM standing crop in the open-canopy stream was primarily controlled by physical factors (litter input rates and discharge), not consumption. This suggests that abiotic processes (e.g. discharge) may play a greater role in limiting detrital resource availability and consumer biomass in open-canopy streams than in forest streams. These model results give insight on
Research Article
Open Access ecosystem it is either retained and processed at the site of entry or transported downstream and processed elsewhere in the stream [11] . Processing of CPOM in streams includes breakdown by microbes, consumption by invertebrate detritivores, and associated production of fine particulate organic matter (FPOM, (< 1 mm > 0.45 µm). However, a number of physical factors also control the retention and distribution of CPOM in streams. For instance, three key physical factors (amount of litter input, stream discharge, and water temperature) affect the processes that determine the standing crop of CPOM in streams, including the transport, deposition, re-entrainment, and microbial processing of CPOM, the production of fine particulate organic matter (FPOM) from CPOM (through invertebrate consumption), as well as the consumption, growth, and respiration of consumers [e.g. 12, 13] .
The amount and quality of organic matter inputs to streams depends on the vegetation, geomorphology, and land uses that characterize the riparian zone [14] . For example, CPOM inputs to open-canopy streams may be 2-6 times less than those to forested streams [15] [16] [17] . Opencanopy streams with dense grass and herb vegetation along the banks may also receive substantial inputs of plant litter in the form of vegetation that slumps into the stream while still rooted [6, K. Stenroth, personal observation].
Stream discharge and streambed roughness control the transport, deposition, and re-entrainment of CPOM and FPOM particles. For example, low discharge and high bed roughness promote high retention rates of plant litter [12, 18] . Activities such as forestry, road building, and agriculture, and environmental changes such as climate change may affect the discharge of stream systems resulting in higher peak flows, shifts in timing of flows, and alterations of total annual flows [19, 20] , altering the distribution and availability of CPOM resources in these systems.
Water temperature can also influence the organic matter dynamics in streams as it controls the growth rate, consumption, and respiration of stream invertebrate consumers and microbes. Moderate increases in water temperature may increase the processing rate of organic matter in streams [14, 21] , particularly microbial processing [22] , although elevated water temperatures may reduce invertebrate processing rates if temperatures substantially exceed optimal feeding or assimilation ranges [22] . Major factors influencing the temperature of running waters are climate, hydrology, and insolation. Shading by riparian vegetation reduces diurnal fluctuations in stream water temperatures by intercepting more long-wave radiation [23] . Thus, summer temperatures in streams with open canopies are generally higher than those in forested streams with closed canopies.
The OM dynamics of montane forest streams are, arguably, the most thoroughly examined in stream ecology, having been the focus of numerous empirical [e.g. 12, 14] and modeling [e.g. [24] [25] [26] [27] studies. In contrast, the OM dynamics of lowland open-canopy streams have received little attention [see 5, 10] , despite their abundance in many landscapes. In an attempt to redress this disparity and generate effective hypotheses about stream ecosystem function that can be tested empirically, we conducted this study with two objectives. First, we linked abiotic drivers of OM availability (litter input, discharge, and temperature) with the most relevant patch-scale biotic processes (macroinvertebrate consumption and conversion of CPOM into FPOM) to construct a model capable of making predictions of OM dynamics in small streams. Second, using empirical data from small forested (British Columbia, Canada) and open-canopy (island of Öland, Sweden) streams to parameterize the model, we investigated similarities and differences in CPOM standing crop, CPOM processing, and detritivore biomass between the two stream types, and identified the main factors responsible for these differences. Our goal was not to explicitly model the OM dynamics of these two systems, but rather to use parameters derived from representative streams to explore the fundamental differences between forest and open-canopy stream types.
Methods

Model parameters
Organic matter dynamics were modeled for two stream types, a montane forest stream (width 2-3 m and average yearly discharge 0.025 ± 0.042 m 3 year -1 (mean ± 1SD)) and a lowland open-canopy stream (width 2-3 m and average yearly discharge 0.19 ± 0.29 m 3 year -1 (mean ± 1SD)). The model used simulates temporal variation in CPOM standing crops and detritivore biomass in a representative 1 m 2 patch of streambed as a function of both biotic interactions and abiotic forcing factors ( Figure 1 , Table 1 ). Two pathways of CPOM inputs to the patch were incorporated into the model; (1) aerial inputs of leaf litter and (2) advective inputs from upstream. Four pathways of daily losses to CPOM standing crops in the patch were included; (1) re-entrainment (export), (2) microbial processing, (3) FPOM production, and (4) detritivore consumption. temperature (T), discharge (Q), and aerial litter input. Daily values of these three parameters differed between the two stream types modeled (see Figure 2) . We used Within the framework of the model, the rates of CPOM input and loss (i.e. CPOM flux) were dynamic functions of three external physically-determined parameters; [54, 55] (Advection input in Figure 1 ; see Table 2 ). Modeling longitudinal linkages in this way (i.e. treating the stream as a geomorphologically homogeneous system where OM is transported into a patch from an identical patch upstream) allowed us to dramatically simplify a naturally heterogeneous system and avoid complicating the model with spatially explicit streambed morphology data. 
Aerial and advection input of leaf litter
The aerial input of leaf litter retained in a modeled stream patch was the product of input vector, total yearly aerial input, and rate of within-patch retention ( Figure 1 , Table 2 ). Using two years of empirical data from three streams (Mayfly, Spring, and Blaney Creeks) in the Malcolm Knapp Research Forest, British Columbia [data from 14], a vector of relative daily aerial input of leaf litter was constructed (the input vector). Despite the lack of trees in the riparian zone, Leberfinger and Bohman [28] found an autumnal peak in organic matter input (grass and shrub leaves) in open-canopy streams qualitatively similar to that of the forest streams. Therefore, we used the same input vector for both stream types. In the model, the relative input value for each day was multiplied by the total yearly aerial input (310 and 125 g AFDM m -2 yr -1 for the forest and open-canopy streams, respectively; see below for derivations from Richardson [14] and Leberfinger and Bohman [28] to yield the aerial organic matter input for that day).
Retention of CPOM inputs was defined as the proportion of the aerial input each day that was retained in the modeled stream patch (Retained in Figure 1 ). Retention was modeled as a function of stream discharge (Q) based on an analysis of published studies by Richardson et al. [24] .
(1) Retention = 0.96e
The above relationship was derived for systems where streambed sediments are the most important site of leaf retention. Accordingly, we modeled the streams in this study as systems where (1) bed material is the dominant type of retentive structure, and (2) in-stream wood is relatively rare.
Advective input to the patch from upstream was modeled as the proportion of CPOM re-entrained from a 1 m 2 patch immediately upstream (see below) that was subsequently retained in the modeled stream patch 
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Re-entrainment
Once retained by the streambed, leaf litter does not necessarily remain there until it is completely broken down. As discharge increases, the probability that retained leaves will be re-entrained and transported further downstream grows. In our model, we included losses to OM standing stocks due to re-entrainment of leaf litter as discharge increased (Re-entrained in Figure 1 ). We improved upon a previous model constructed by Richardson et al. [24] by relating the probability of leaf litter re-entrainment (β) to the relative change in discharge (ΔQ), not strictly to discharge (Q ). If flow exceeded a threshold where bed sediments were mobilized (approximated as 250 L s -1 for the small stream systems in this study), then 95% of the retained leaf litter was entrained.
Microbial processing, production of FPOM, and detritivore consumption
In modeling the breakdown of leaf litter standing crops, we attributed trophic losses of CPOM primarily to detritivore consumption (Consumption in Figure 1 ) and not to microbial processing. The contribution of microbes to rates of mass loss during leaf litter breakdown is generally thought to be much less important than that of invertebrates in temperate systems where invertebrate consumers are abundant (i.e. microbes only account for 7 to 9% of leaf litter mass loss; [see 29, 30] ). Microbial processing was modeled as being temperature dependent; we used the microbial processing rate (mb rate) for fastprocessed leaf litter reported by Webster [31] , which is calculated on a degree-day basis (Tables 1 and 2) .
Production of FPOM (< 1 mm > 0.45 µm; FPOM in Figure 1 ) was modeled as a function of detritivore consumption (Table 1) . FPOM produced includes both detritivore fecal pellets and fine particles of OM produced during the shredding activity of detritivores. FPOM production rate (fpom prod) was measured empirically in lab experiments where the caddisfly Limnephilus flavicornis and the isopod Asellus aquaticus were fed conditioned alder leaves (K. Stenroth, unpublished data). Leaf mass consumption rate (mass loss during consumption corrected for control mass loss (i.e. without animals)) and FPOM production were measured. FPOM production was measured through filtering the water with a 0. 45 µm sieve after removing particles > 1 mm (CPOM). Collected particles were dried and weighed and used to calculate FPOM production per g leaves consumed (fpom prod; Table 2 ). While FPOM in streams can also be produced by processes other than processing by consumers (e.g. physical fragmentation, input from riparian areas), this study was primarily focused on the trophic linkages represented by FPOM production as a function of the biological processing of microbially-conditioned CPOM by consumers.
The rate of OM consumption was modeled as the product of three factors: detritivore biomass, detritivore consumption rate (cons rate), and a water temperaturedependent function (i.e. a consumption rate modifier; temp cons coeff; Table 1 ). We used consumption equation 2 in the Fish Bioenergetics 3.0 model [32] to describe the relationship between invertebrate detritivore consumption of leaf litter and water temperature. T denotes the empirical water temperature data for each stream type at each time step. The function ranges from nearly 0 at low temperatures to 1 at optimum water temperatures (Topt) and back to 0 at maximum water temperatures (Tm) (see Table 1 ). We approximated the rate at which consumption changes over low temperatures (C′) to be 2.5, previously used by Roth et al. [33] for rusty crayfish (Orconectes rusticus; Table 1 ). Although consumption rate varies among detritivore taxa and leaf litter quality, we were not interested in modeling specific taxa in a specific stream. Instead we aimed to model CPOM processing in two stream types that may differ in detritivore community composition for a variety of reasons (e.g. beta diversity, geographic location, etc.). Therefore, we calculated a mean value for detritivore consumption rate (cons rate) from published and unpublished data on the consumption rates of several trichopteran and isopod detritivore taxa on leaf litter of varying quality (Table 1) . Consequently, we made the assumption that both stream types we modeled (forested and open-canopy streams) had functionally similar detritivore community composition and quality of leaf litter input. However, by adjusting the consumption rate value, the model used in this study could be used to model more specific conditions with specific taxa and leaf quality; this would, however, require significantly more information about the community composition, taxa-specific consumption rate, and organic matter quality of the system of interest.
Detritivore biomass
Daily change in detritivore biomass was modeled as a daily sub-model using an energetic mass-balance approach, incorporating both an increase in biomass (growth due to assimilation of OM) and a decrease (biomass-scaled loss in biomass due to respiration) (see Figure 1) . Increase in consumer biomass (Growth in Figure 1 ) was determined as the proportion of leaf litter consumed that was assimilated as tissue (ass effic; Tables 1 and 2) . To simplify the model, the decrease in consumer biomass was not modeled as a loss through mortality or emergence (which would be difficult in a phenologically diverse benthic invertebrate community), but was instead modeled directly as a loss due to respiration (Respiration in Figure 1 ). Respiration losses were a function of respiration rate (resp rate), detritivore biomass, and a temperature dependent function (R(T); see Table 2 ). The dependence of respiration on water temperature (R(T)) was modeled using the respiration equation 1 in the Fish Bioenergetics 3.0 model [32] . where R is respiration and T is the empirical water temperature for each stream type at each time step. We defined the temperature respiration coefficient (temp resp coeff) by fitting an exponential model to temperaturerespiration data for the caddisfly shredder Limnephilus rhombicus in Roux [34] , producing the equation [35] , and then converted to mass-equivalent units by dividing with the energy density of the respective genera [36] (Table 2 ).
Stream type specific parameters
We used empirical data from forested streams in the Malcolm Knapp Research Forest in British Columbia, Canada and from open-canopy streams running through the Great Alvar plain on the island of Öland in the southern Baltic Sea, Sweden. Our goal was not to explicitly model organic matter dynamics in these exact streams; rather, data from representative streams of the two stream categories of interest (i.e. forested and opencanopy) were used to parameterize the model in order to examine differences in the emergent properties of organic matter dynamics in these systems.
British Columbia forested streams
The temperature data used in the model were obtained from empirical temperature records for East Creek in the Malcolm Knapp Research Forest, British Columbia. Daily mean temperatures measured from May 1997 to August 2002 were averaged to generate an average year of daily temperature values. Values for each day of the annual temperature curve were smoothed using the average temperature for that day and the seven subsequent days (Figure 2a) . The total yearly aerial litter input of 310 g AFDM m -2 yr -1 was used in the model, and represented the average of yearly total organic matter inputs (two years) in three streams (Mayfly, Spring, and Blaney creeks; data from Richardson [14] . Litter input includes both deciduous and coniferous leaf litter.
Empirically measured discharge data from East Creek were used to create the hydrographs used in the model. For each simulation, a hydrograph of 1500 days of average daily discharge (m 3 s -1
) was used and we performed ten model simulations, each starting with a hydrograph beginning of 1st January of a different year (i.e., 1989-1993, 1990-1994, etc.) , per set of parameter values (Figure 2b) . Thus, all model outcome values presented are average values of ten simulations with different hydrographs. , which is the mean of average yearly input of organic matter measured in three open-canopy streams [15] [16] [17] comparable to the Öland streams.
Öland open-canopy streams
Daily discharge values were calculated based on data from a larger stream (Strömmen) also located on the island of Öland. Discharge was measured at twelve dates during autumn 2007 in one smaller open-canopy Öland stream (Penåsa stream). The measured Penåsa stream discharge was then used to calculate the proportion of the discharge in Strömmen that corresponded to the discharge in Penåsa. Every point in the discharge record for the larger Strömmen was then reduced by this proportion to create a discharge record for the smaller Öland streams. Both the larger Strömmen stream and the smaller Öland streams dry up for several months during summer. Our model is not designed to handle dry periods, which produce dry leaf litter and dead, emerged, or inactive animals. Therefore, the mean of 10 daily discharge values preceding a dry period was replicated throughout the dry period, creating instead a period with sustained low water flow. In the same manner as that used for the forested stream, for each simulation, a hydrograph of 1500 average daily discharge (m 3 s -1 ) was used and we performed ten model simulations each with a hydrograph of a different year.
Sensitivity Analysis
To evaluate the relative influence of the driving parameters (i.e., discharge, litter input, and temperature) on modeled CPOM standing stocks and consumer production (detritivore biomass), we ran the open-canopy stream model but replaced subsets of the driving parameters with the forested stream values (see Table 3 for the model configurations used). This allowed us to determine the extent to which the outcome of the model was due to system-specific parameterization, or to the emergent properties of the system (i.e. interactions between the abiotic and biotic components of the model). Table 3 : Predicted re-entrainment, consumption, and detritivore biomass in the original (forested and open-canopy stream) model simulations, as well as in the sensitivity analysis simulations using different subsets of the driving parameters (discharge, aerial litter input, temperature). Percentages in parentheses represent percentage of total loss (including microbial processing, FPOM production, re-entrainment, and consumption) from the CPOM standing crop. 
Results from original model simulations
Combinations of discharge, aerial input, and temperature attributes
Results
Remarkably, the model predicted similar CPOM standing crops in forested and open-canopy streams (Figure 3a) . However, the simulated total retained leaf litter input (i.e., the sum of all daily retained aerial litter input and advection input; g AFDM m -2 ) in the open-canopy stream was only 43% of that of the forested stream on a yearly basis (Figure 3b) . The lower total retained leaf litter in the modeled open-canopy stream was not explained by the higher discharge (Figure 2b ) and hence lower retention, but was instead attributed to the lower aerial leaf litter inputs (310 and 125 g AFDM m -2 yr -1 for the forested and open-canopy systems, respectively).
Detritivore biomass in the forested stream was much higher than that in the open-canopy stream (yearly average of 1.5 and 0.07 g m -2 , respectively; Table 3 ). Consumption and re-entrainment in the forested stream model accounted for the largest proportion of total loss of CPOM (44% and 35%, respectively), while FPOM production and microbial processing accounted for smaller proportions (19% and 1.2%, respectively; actual values shown in Figure 4 ). The elevated rates of OM consumption sustained by the high detritivore biomass of the forested stream is the reason that the CPOM standing crop in the forested stream simulation was lower than that of the open-canopy stream (Figs 3a and 4) . In the open-canopy stream model, re-entrainment accounted for the largest proportion of total CPOM loss (89%), while consumption, FPOM production, and microbial processing were less important (5.3%, 3.0%, and 2.6%, respectively; see values in Figure 4) .
The sensitivity analysis showed that none of the key driving parameters (discharge, aerial litter input, and temperature) was alone responsible for the lower detritivore biomass in the open-canopy stream model compared to the forested stream model. However, discharge was notably influential; replacing the high discharge record in the open-canopy stream model with the lower discharge record for the forested stream model resulted in 2 times and 1.2 times higher detritivore biomass compared to the simulations where litter input and temperature were replaced, respectively (Table 3, comparisons of model A, B, and C).
Model D, the combination of low discharge (forest data), high temperature (open-canopy data), and high aerial litter input (forest data) produced more than a doubling of both re-entrainment and consumption rates over model A (where only the discharge record was replaced with the low discharge forest data), but the proportions of the total losses remained similar. Model D also produced a higher detritivore biomass, but it was still less than half of the detritivore biomass in the forested stream simulation (Table 3) . Using the low discharge records (forest data) and the low temperature record (forest data), but keeping the low litter input rate (open-canopy data) in model E, halved the amount re-entrained, but doubled consumption and detritivore biomass compared to a change to lower discharge alone (model A). However, the detritivore biomass was still less than half than in the forested stream simulation (Table 3) .
Discussion
Our model indicates that while the CPOM standing crops of forested and open-canopy streams may be comparable, forested streams sustain a much higher detritivore biomass. As such, measurements of the standing crop of CPOM in a stream may be a poor predictor of potential stream production (especially that associated with consumer biomass) in heterotrophic streams. High rates of leaf litter input and retention in the forested stream created elevated levels of resource availability which, in turn, increased detritivore biomass. A positive relationship between leaf litter standing crop and macroinvertebrate secondary production is evident in a meta-analysis of empirical studies [37] . In our model simulations, the high detritivore biomass dramatically elevated CPOM consumption rate, depressing CPOM standing crops in the forested streams to the same low levels as those modeled for the open-canopy stream. Thus, in the forested stream simulation, the CPOM standing crops were largely controlled by top-down processes [e.g. 31, 38] .
In contrast, in the open-canopy stream, low retention of the low leaf litter input combined with high re-entrainment prevented accumulation of a high detritivore biomass. Consequently, consumption rates remained low and re-entrainment accounted for the largest proportional loss of CPOM. Thus, in the opencanopy stream simulation, the CPOM standing crop was controlled by abiotic processes (primarily litter input rates and discharge) and not consumption [e.g. 14; bottom-up processes limited consumer biomass). These two alternative scenarios indicate a potential for two contrasting states of organic matter dynamics in streams, a top-down control of CPOM by consumers or a physicallydriven resource limitation of consumers [see also 2, 39] .
The model predicted yearly averages of detritivore biomass for the open-canopy and the forested stream that are within the range of empirically measured values of detritivore (i.e. shredder) biomass in open-canopy and forested streams reported in the literature (Table 4) . Hence, although the model did not explicitly incorporate the mechanisms that drive detritivore biomass losses (i.e. mortality and seasonal emergence), the model simulations capture, at least in part, this aspect of the resource dynamics of stream ecosystems. However, detritivore biomass estimates for the open-canopy stream simulation may have been somewhat underestimated since the model did not consider the potential for invertebrate detritivores to feed on autochthonous food sources such as algae [10, 28] . Moreover, the model may not accurately replicate the resource dynamics of forested streams because other landscape features, such as large instream wood, were not included in the model but may play important roles in CPOM retention and breakdown [40] .
Most of the losses due to re-entrainment of leaf litter in the model occurred during extreme high-flow events, when discharge increased sufficiently to mobilize bed sediments [13, 41] . The critical discharge threshold used in the model was a flood stage of 250 L s -1 ; at discharges above this threshold we estimated that 95% of the CPOM stored in the bed would be released. In real stream systems, the critical threshold will differ among reaches that vary with respect to channel width and morphology. However, we believe that 250 L s -1 is a conservative threshold for the small stream channels we modeled. This model is the first to explicitly demonstrate that high-discharge events may play a critical role in controlling resource standing crops in small streams.
Unlike previous models of organic matter dynamics in streams, our model also assesses detritivore biomass and FPOM production, two factors that are strongly associated with stream production. In our model, high levels of detritivore biomass could be attained through two mechanisms. First, when stream discharge (and thus litter re-entrainment rates) was low and aerial litter inputs were high, CPOM accumulated on the streambed. When consumed, these elevated CPOM standing crops produced high detritivore biomass. Consequently, both the amount of CPOM entering a stream and the rate at which it is retained may strongly influence stream productivity as associated with consumer biomass [2] . Conversely, our model suggests a decrease in litter input to a stream (due to land use changes or logging activities, for example) may decrease detritivore biomass and associated stream productivity and potentially shift the system from a topdown control to resource limitation. However, the quality of CPOM as a food source is not incorporated in the model. Thus, the model will not capture the effects of a change in the quality of the litter input (due to changes in species composition of riparian vegetation [30] , solar insolation [42] , or nutrient input [43] , for example) on stream processing of CPOM and detritivore biomass. Second, our model demonstrated that high detritivore biomass might be attained through a combination of low discharge and relatively low summertime water temperatures (e.g. those produced in shaded forest streams). When stream temperatures in our model exceeded the optimum detritivore activity/feeding temperature, consumption rate decreased. Thus, the lower temperature record of the forested stream with generally lower summer temperatures allowed a higher proportion of the organic matter to be consumed, which in turn increased detritivore biomass. These results indicate that logging activities or climate warming, if they increase stream water temperatures, may affect the organic matter dynamics in streams and decrease stream production mediated by invertebrates [22, 44] . This effect will presumably be more pronounced in lowlatitude and low-altitude systems that already experience generally warmer temperatures. However, it is important to recognize that long-term trends of increasing stream water temperatures will exert a strong selection pressure on stream organisms and some evolutionary adjustment of optimum activity/feeding temperature is likely, reducing the potential effects on CPOM processing.
FPOM production in the model was a function of detritivore consumption rate. Consequently, the low detritivore biomass sustained in the open-canopy stream led to low FPOM production. This may decrease those aspects of stream productivity that are associated with the availability of small organic particles (e.g. collectorgatherer biomass). Smaller particles produced through abrasion, consumption, and fecal production are subsequently ingested by other organisms or entrained in the water column and transported downstream [45] . Thus, a low production of FPOM may also decrease the potential of headwaters to subsidize downstream reaches [46] . None of the driving parameters in our model (discharge, aerial litter input, and temperature) were alone responsible for the modeled differences in CPOM dynamics between the forested and open-canopy streams. Instead, the two combinations of parameter data (i.e., forested and open-canopy) caused two contrasting scenarios of organic matter dynamics (top-down control and resource limitation). However, the relative dominance of these two scenarios in real-world stream ecosystems that vary with respect to riparian vegetation type (forested or opencanopy) needs to be evaluated with empirical studies. Despite the fact that organic matter dynamics in streams have been studied for the past 30-40 years, these processes are not yet well understood in many types of systems, especially open-canopy and tropical streams. Our model suggests that organic matter dynamics may, in some systems, be fundamentally different than those typically examined in temperate forested stream systems. Thereby, our model results contribute to broaden our understanding of stream ecology. Furthermore, riparian management and conservation strategies associated with forestry, agriculture, and urbanization and other anthropogenic effects such as climate change will affect stream discharge, temperature, and organic matter input rate in complex and highly dynamic ways, altering the organic matter processing in affected streams. Models, such as the one presented here, can thus be valuable tools to understand the functional differences that exist among systems and predict effects of anthropogenic influences. Deeper understanding of these processes can also be used to develop appropriate riparian management and conservation tools to better regulate and mitigate undesirable effects on streams.
